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PERFORMANCE OF RECIPROCATING COMPRESSORS 
WITH NON-AZEOTROPIC MIXTURES 
Himanshu B. Vakil 
General Electric Corporate Research & Developmertt 
Schenectady,NY 12305 
ABSTRACT 
Performance of a reciprocating refri-
gerator compressor with mixed-refrigerants 
(MR) was investigated experimentally. The 
current, standard methods of testing compres-
sors and presenting performance data were 
found unsuitable for MR, and a new experimen-
tal apparatus was designed for a ·direct 
flowrate measurement with MR. Representative 
test data for Refrigerant R-12 and for a mix-
ture of R-22/R-114 were presented . and 
analysed. It was shown that by excluding the 
suction-gas heating effect through a direct 
measurement of refrigerant temperature prior 
to entering the compression chamber, data for 
various refrigerants could be correlated in a 
consistent thermodynamic framework. Results 
show a direct relationship between the 
overall, mechanical work of compression and 
the theoretical work for a reversible, isen-
tropic compression. Furthermore, volumetric 
flowrates were well-correlated by a ·simple 
"constant volume re-expansion" model for a 
wide variety of refrigerants and operating 
conditions. Finally, a simple model W?~ out-
lined for predicting flowrate and power con-
sumption for the compressor under inve~tiga­
tion for any refrigerant with either single 
or multiple components. 
PERFORMANCE OF RECIPROCATING COMPRESSORS 
WITH NON-AZEOTROPIC MIXTURES 
In the recent years there has been a 
growing interest in the use of mixtures of 
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Refrigerants (MR) in vapor compression dev-
ices. Most of the current work on MR appli-
cation can be divided into two major 
categories: one aimed at achieving a higher 
cycle efficiency as a result of non-isothermal phase-change with mixtures [1], 
and the other aimed at improving the overall 
system performance achievable through 
capacity-modulation by changing MR composi-
tions [2J. Regardless of which of these two 
applicat1ons is of interest, it is essential 
to understand the performance of a device 
operating with MR and to be able to compare 
it with a similar· device operating with a 
single component-refrigerant. 
Before one can compare the overall dev-
ice performance, however, it is necessary to 
measure and understand the impact of MR on 
each of the individual components. It is 
only after the component performances have been well characterized that one can study 
their various interactions that affect the 
overall system performance. Thermodynamic implications of the use of MR on · heat-
exchanger performances (condensers, evapora-
tor, and suction-line) have been presented 
elsewhere [3]. It is the objective of this paper to present and interpret new data on 
the performance of a reciprocating compressor 
with MR. The major goal of the research pro-ject was to provide answers to the following questions: 
1. How does a reciprocating refrigerator 
compressor perform with MR? 
2. Is there a uniform thermodynamic frame-
work in which performance data with 
various MR and single component . ;refri-
gerants can be uniformly co~related? 
3. can a simple model predict the compres-
sor performance (flowrate, power, etc.) 
that is of interest to the refrigeration 
system designer regardless of the choice 




The current practice in the refrigera-
tion industry is to measure the performance 
of a compressor in a bench calorimeter (usu-
ally a secondary refrigerant calorimeter) at 
a pre-defined set of 1 standard 1 conditions. 
When the performance over a broad range of 
operating conditions is of interest, results 
are often presented as plots of compressor 
watts and evaporator cooling capacity as a 
function of evaporator saturation tempera-
ture, with condenser saturation temperature 
~s a parameter. Unfortunately, such plots 
are applicable only to that particular 
single-component refrigerant and can not be 
translated readily to a different choice of 
working fluid. Another drawback of the 
standard calorimetry is that these perfor-
mance curves obtained by 'in vitro' measure-
ments often do not accurately represent the 
'in-vivo' performance of the same compressor 
in an actual refrigeration unit. The main 
reason for such discre.Pancies is that the 
compressor cooling env1ronment is not the 
same for the two cases. 
The shortcomings of the standard 
calorimetric procedures become even more evi-
dent when one considers compressor perfor-
mance with MR. The most critical problem 
being that for non-azeotropic mixtures there 
is no unique saturation temperature and any 
direct comparison with •standard' curves 
described above becomes meaningless. Furth-
ermore, from an experimental point of view, 
it is difficult to maintain a constant compo-
sition of the circulating mixture in the 
standard calorimeter eql.iipment over a broad 
ranq-e of operating conditions. In order to 
obv1ate these difficulties a new experimental 
procedure was developed for me_apuring 
compressor performance with MR .. A schematic 
of the apparatus is shown in Figure 1. The 
compressed refrigerant is condensed ' in a 
coaxial watercooled condenser with a tempera-
ture controller to maintain a constant tem-
perature subcooled liquid at the inlet to the 
adjustable expansion valve. The evaporator 
is electrically heated with another tempera-
ture controller to maintain a constant suc-
tion gas temperature at the inlet of the 
compressor. The basic approach is to use a 
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direct mass flow measurement using a vibrat-ing u-tube flowmeter prior to the expansion valve, rather than relying on an 1 indirect 1 calorimeter measurement based on the evapora-tor energy input. A turbine flowmeter for measuring volumetric flow in the suction-line was also tested during the course of the pro-ject but it did not yield as reliable and accurate an estimate of the mass flowrate as the mass flowmeter, perhaps due to the interference caused by the circulating oil. In addition to the standard measurements of pressures at the compressor suction/discharge 
and temperatures at various points in the 
cycle, a specially installed thermocouple at the piston slot intake inside the compressor was used to obtain the refrigerant tempera-ture as close to the actual cylinder intake as practical. The reason for measuring this 
cylinder inlet temperature and the key role it plays in correlating compressor perfor-
mance will be discussed later in this paper. 
A series of tests were performed pver a wide range of suction and discharge pressures using refrigerant R-12 as well as different compositions of a binary mixture of refri-gerant R-22 and R-1~4 (dichloro-tetrafluoroethane). Composition of the cir-culating mixture was measured in a gas-chromatograph by taking a sample after reach-ing steady-state operation. The mixture com-position was found not to vary significantly over a range of operating conditions, mainly due to the very small charge hold-up in the system. A small sample of typical test results is shown in Table I for refrigerant Rl2 and for a mixture of R22/Rll4 with a corn-position of 37% by mole (23% by weight) of R22. 
THERMODYNAMIC MODEL OF THE COMPRESSOR 
Before presenting analyses and plots of test data, it is important to discuss the general thermodynamic viewpoint of the overall compressor performance that has allowed us to successfully correlate data 
with different refrigerants. The compression process is assumed to consist of three separate steps: 
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1. Suction-Gas Heating 
The refrigerant vapor entering the compressor 
at a suction temperature T is heated up to a 
temperature TcyL before en~ering the compres-
sion chamber. ~t is generally well accepted 
that this heating effect is of major impor-
tance to the overall performance of the 
compressor [3]. It should be noted that the 
magnitude of this heating is dependent not 
only on the compressor design but also on the 
cabinet application since the latter influ-
ences the cooling environment around the 
compressor. Recognizing this as the major 
factor in discrepancies between "in-vitro" 
and "in-vivo" performance of a compressor, a 
special effort was made to measure T vl by an 
internal thermocouple in this stfiay. In 
retrospect, without such an approach it would 
not have been possible to correlate the data 
with various working fluids. 
2. Compression inside the Cylinder 
Having accounted for the suction-gas heating, 
it is assumed that the actual mechanical work 
of compression is related to the "thermo-
dynamic difficulty11 of the compression task 
as represented by the work required for a 
reversible, isentropic compression starting 
at P & T and ending at P • Since by consPderinijY~nly a ratio of r~versible work 
to the actual mechanical work all of the 
details of the compression process (e.g., 
valve pressure drops,wall heat 
transfer,dynamics in the discharge tube,etc.) 
are lumped into a single efficiency factor, 
such an assumption may rightly be crit·icized 
as a gross over-simplification. Fortunately, 
the results based on such an approximation 
appear to be sufficiently well-correlq~ed to 
warrant its use for system analyses and 
design. 
The volumetric flowrate at the cylinder inlet 
conditions (P , T ) is assumed to be 
correlated b~ a cy.Jconstant volume re-
expansion11 model, which stipulates that a 
small volume of trapped refrigerant re-
expands from the density at the end of the 
compression back to the suction density, 
thereby reducing the net volumetric flowrate 
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to below the theoretical maximum value. The specific volume at the end of compression (vd) can be calculated from the discharge pressure P and the enthalpy at the end of compressiortl, the latter being equal to the sum of the cylinder inlet enthalpy and the specific mechanical compression work. 
3. Conversion from Electrical to Mechanical Power 
For the purpose of this work it was assumed that the efficiency of conversion of electri-
cal power to mechanical (shaft) power is identical to that given by the standard motor parformance curves, which are assumed to be available for the motor in question. Conse-quently, it is a simple matter to obtain the 
motor efficiency (E 
1
t) either from the meas-
ured electrical wa~s- for data analyses, or from the mechanical power requirements for 
model predictions. 
CORRELATION OF RESULTS AND DISCUSSION 
From available measurements, the overall 




From Ps,T 1 ,Pd, and m f power tal 'l."eversiblS!;e 
compression is calculated 
refrigerant properties (see 




[4] for MR 
calculation 
Actual mechanical (shaft) power is cal-
culated from the measured watts and the 
motor efficiency 
E is the ratio of the reve'rsible pEWg~ to the actual mechanical power 
As seen from Table I, despite the fact that the operating conditions vary over a wide 
range andthat the vapor pressure for the mix-ture is considerably lower than that for R-12, Emech varies over a very narrow range of 66% to o9%. This is quite an amazing result 
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considering the fact that the simple thermo-
dynamic framework ignores almost all the 
subtleties of the compressor component 
behavior. For the purpose of model predic-
tions, a constant value of 67.5% should pro-
vide adequate accuracy. 
The second part of data analyses 
involves a comparison of volumetric 
flowrates, which are calculated as follows: 
i. From p ,T , and m the specific 
volume ~t ~~ cylindere:fu.ction (v" ) and 
the total volumetric flowrate is ~alcu­
lated. 
2. The specific volume ratio is obtained 
from vs and the specific volume at the 
end of compression v d.-
The validity of the "constant volume re-
expansion" model can now be tested by a plot 
of volumetric flowrate against the specific 
volume ratio v /V as shown in Figure 2. It 
should be note& tHat many more test data are 
plotted in the Figure than the small sample 
shown in Table I. Furthermore, several test 
data for a different mixture composition are 
also included. once again it can be observed 
that_ despite the drastic nature of model 
assumptions, the linear correlatio.n is 
remarkably good over a considerable range of 
operating conditions. However, two important 
points should be noted: 
1. The linear correlation does not predict 
a volumetric efficiency of 100% at a 
specific volume ratio of unity. This is 
most likely a result of not accop.nting 
explicitly for sucti_on apd diischarge 
pressure drops, effects that become 
increasingly important when suction and 
discharge pressures are equal. 
2. The "effective" trapped volume calcu-
lated from the slope is not the same as 
the geometric clearance volume of the 
compressor. Qualitatively it can be 
argued that the combined effects of 
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r 
valve dynamics and refrigerant back-flow 
are responsible for the steeper drop in the volumetric flowrate than that based 
on the geometric clearance volume alone. 
CONCLUSION 
In conclusion the following answers may be offered to the three questions posed in the beginning of this paper: 
1. There appears to be no fundamental difference 1n the performance of a 
reciprocating compressor with mixed-
refrigerants from that with a single 
component refrigerant as long as a proper framework is used to compare the two • 
2 • A general thermodynamic framework was described for correlating the perfor-
mance of the compressor with any choice 
of refrigerant. An important conclusion 
was that one needs to exclude the 
suction-gas heating effect from such generalised correlations. 
3. Based on the success of the thermo-d:ynamic approach to data analyses, a 
s1mple but accurate model was proposed for predicting flowrate and power con-
sumption for the compressor operated 
with any choice of working fluid as long 
as its thermodynamic properties were 
available. 
Finally, it is hoped that this work will prove useful not only to those interested in MR applicat~ons, but also to many .,Pthers interested 1n a compact repr~sentation of 
compressor j erformance curves and in recon-
ciling "in-vitro" compressor tests with "in-
vivo" performance in a refrigerator. 
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Figure 1: Schematic of the Experimental Apparatus 
